Acute stress impairs memory retrieval and facilitates the induction of long-term depression (LTD) in the hippocampal CA1 region of the adult rodent brain. However, whether such alterations in synaptic plasticity cause the behavioral effects of stress is not known. Here, we report that two selective inhibitors of the induction or expression of stress-enabled, N-methyl-D-aspartate receptor-dependent hippocampal LTD also block spatial memory retrieval impairments caused by acute stress. Additionally, we demonstrate that facilitating the induction of hippocampal LTD in vivo by blockade of glutamate transport mimics the behavioral effects of acute stress by impairing spatial memory retrieval. Thus, the present study demonstrates that hippocampal LTD is both necessary and sufficient to cause acute stressinduced impairment of spatial memory retrieval and provides a new perspective from which to consider the nature of cognitive deficits in disorders whose symptoms are aggravated by stress.
C
ognitive functions such as learning and memory are greatly affected by stress. Memory retrieval in humans is especially vulnerable to acute psychological stress (1) or cortisol treatment (2) , effects caused in part by alterations in medial temporal lobe function (3) . In rodents, acute stress or administration of glucocorticoids disrupts the retrieval of hippocampal-dependent spatial memory (4) . Furthermore, stress and glucocorticoids have a profound influence on the physiology of the hippocampal CA1 region by inhibiting long-term potentiation (LTP) (5-7) and enabling long-term depression (LTD) (7, 8) , the two most well characterized forms of synaptic plasticity and proposed cellular substrates for learning and memory (9, 10) . However, it remains to be established whether the alterations in either LTP or LTD caused by stress contribute to the stress-induced impairment of spatial memory retrieval.
Considerable experimental evidence supports the role of hippocampal LTP in spatial memory (11) (12) (13) (14) , and theoretical accounts of associative memory, based on neural network models, suggest that a balance between LTP and LTD may underlie efficient memory storage (10, 15) . By using two recently developed specific inhibitors of LTD (16, 17) , the present experiments assess the role of LTD in the spatial memory retrieval deficits induced by acute stress and provide strong evidence for a role of hippocampal LTD in mediating this aspect of acute stress-induced impairment of cognitive function in adult rats.
Results

Blocking the Induction of LTD Prevents the Stress-Induced Impairment
of Spatial Memory Retrieval. It is well accepted that the induction of hippocampal CA1 homosynaptic LTD depends on the N-methyl-D-aspartate subtype of glutamate receptors (NMDARs) (10) , which are heteromeric complexes of NR1 subunits and at least one type of NR2 subunit (NR2A-D) (18) . Converging evidence supports the hypothesis that the subunit composition of NMDARs may confer distinct roles on the receptors in normal and pathological brain function (18) . In particular, several studies using in vitro brain slices prepared from both young and adult rodents provide evidence for a critical role of NR2B-containing NMDAR activation in the induction of hippocampal CA1 LTD (8, 17, 19, 20) . However, contradictory results have recently been reported by others (21, 22) . Because results both for and against a critical involvement of NR2B-containing receptors were independently obtained from more than one laboratory, it is likely that the subunit requirements for LTP and LTD may be state-dependent phenomena, and these contradictory results may be caused in part by different conditions used in the in vitro studies. Given this controversy, it is important to determine whether the subunit-specific requirements observed in vitro extend to in vivo preparations, where LTD can be studied under more physiologically relevant conditions. In particular, confirmation that specific antagonists for NR2B-containing NMDARs block the induction of LTD without affecting LTP would enable the investigation of the potential role of LTD induction in stressinduced memory impairment. Therefore, we first examined whether the specific NR2B antagonist Ro25-6981 (23) could block stress-enabled hippocampal CA1 LTD without affecting LTP in adult rats in vivo.
Schaffer collateral stimulation-induced excitatory postsynaptic potentials (EPSPs) were recorded extracellularly in the CA1 stratum radiatum region of hippocampus in anesthetized adult rats. As shown in Fig. 1A , a mild low-frequency stimulation (LFS) protocol failed to produce any notable depression of basal synaptic transmission. However, the same LFS protocol reliably induced LTD in animals subjected to acute stress consisting of a 30-min exposure on an elevated platform ( Fig. 1 A and B) . Stress treatment did not have a significant effect on basal response magnitude between control animals (slope ϭ Ϫ0.18 Ϯ 0.03 mV/ms) and those exposed to the elevated platform (slope ϭ Ϫ0.26 Ϯ 0.04 mV/ms). These results are in full agreement with previous reports that acute stress facilitates the induction of hippocampal CA1 LTD in vivo (7) . Systemic i.p. application of Ro25-6981 (6 mg/kg of body weight) had no effect on basal EPSPs but did prevent stress-enabled LTD [ Fig. 1 A and B; F(2,13) ϭ 3.9, P Ͻ 0.05]. The blockade is specific to LTD because the same treatment did not produce significant alteration of LTP elicited by using classical high-frequency stimulation (HFS; Fig.  1C ). Thus, similar to results of previous in vitro (8, 17, 19) and in vivo (24, 25) studies, the present experiments strongly suggest that activation of NR2B-containing NMDARs is required for stressenabled and LFS-induced LTD but not HFS-induced LTP in adult rats in vivo.
We then used the NR2B-specific antagonist to investigate the potential contribution of LTD to stress-induced memory impairment in a Morris water maze (MWM) task. Retrieval of spatial memory in the MWM depends on hippocampal NMDARs (26) and is severely impaired by acute stress (4) . In the present experiments, rats were trained to remember the location of a hidden platform over eight trials. Twenty-four hours later, their memory for the platform location was tested by using a probe trial with the platform absent from the pool. During the probe trial, trained rats spend significantly longer searching for the platform in the quadrant of the pool where the hidden platform was located during the training phase (Q test ) than in the opposite quadrant (Q opp ), demonstrating successful retrieval of spatial memory ( Fig. 2A) . However, trained rats exposed to the stress induced by a 30-min session on an elevated platform immediately before the probe test performed poorly and spent comparable time searching in the Q test and Q opp and significantly less time in the Q test than unstressed rats. Importantly, no impairment in spatial memory retrieval was observed in a visible platform version of the task that does not require the hippocampus [time to find the platform during the recall test 24 h after training: control group 21.3 Ϯ 5.4 s, stress group 27.98 Ϯ 6.6 s, t(14) ϭ Ϫ0.79, P ϭ 0.44]. Thus, these results replicate a previous report (4) and confirm that acute stress impairs the retrieval of long-term spatial memory.
To determine whether this retrieval impairment is the result of the induction of stress-facilitated LTD, we first examined the effect of the specific NR2B antagonist Ro25-6981 on stress-induced memory impairment. Pretreatment with Ro25-6981 (i.p., 6 mg/kg) 30 min before the stress treatment completely abolished the stressinduced impairment of memory retrieval. Analysis of the data with a repeated-measures ANOVA revealed a significant main effect of quadrant [F(1,54) ϭ 40.46, P Ͻ 0.001] as well as a significant quadrant by group interaction [F(2,54) ϭ 4.29, P Ͻ 0.05]. Post hoc analyses revealed that rats in the stress group spent significantly less time in the test quadrant than rats in the control and Ro25-6981ϩ stress groups (P Ͻ 0.05). Furthermore, treatment of the animals with Ro25-6981 did not affect swimming performance in the MWM ( Table 1 ), indicating that the change in performance was not caused by a change in motor capacity. Additionally, administration of Ro25-6981 to unstressed rats did not affect performance in the MWM (data not shown). Thus, the stress-induced impairment of spatial memory retrieval depends on the activation of NR2B-containing NMDARs.
Impairment in long-term memory retrieval caused by stress is associated with increased levels of the stress hormone corticosterone (4); therefore Ro25-6981 may protect memory retrieval by reducing the stress-induced release of corticosterone. To rule out this possibility, we measured the stress-induced changes in plasma level of corticosterone in the presence and absence of the Ro25-6981 treatment and found that Ro25-6981 did not affect the release of corticosterone caused by elevated platform stress (Table 1) .
Blocking the Expression of LTD Prevents the Impairment of Memory
Retrieval Caused by Acute Stress. Because of the recent controversy around the requirement of NR2B-containing receptors in LTD, we felt it essential to employ an LTD-specific inhibitor that is structurally and mechanistically distinct from NR2B receptor antagonists to test the hypothesis that LTD mediates stress-induced impairment of spatial memory retrieval. Although the activation of NMDARs is required for the induction of LTD (10), the expression of LTD appears to involve facilitation of clathrin-dependent endocytosis of postsynaptic ␣-amino-3-hydroxy-5-methylisoxazole-4-propionic acid subtype of glutamate receptors (AMPARs), through an AMPAR GluR2 subunit-dependent mechanism (27, 28) . Through a systematic deletion and carboxyl-terminal truncation, a short stretch of amino acids ( 869 YKEGYNVYG 877 ) in the carboxylterminal region of the GluR2 subunit has recently been identified as being essential for the expression of hippocampal CA1 LTD (16) . When delivered into postsynaptic neurons, a synthetic peptide containing this sequence of amino acids (GluR2 3Y ) blocks LTD by interfering with the facilitated endocytosis of AMPARs, the last step of LTD expression, without affecting any upstream signaling steps (16, 29) . Recent experiments also confirm that administration of the GluR2 3Y peptide blocks stress-enabled CA1 LTD in young adult rats in vivo (30) . Thus, this peptide provides an ideal complement to Ro25-6981 and may be used to confirm that the ameliorative effect of Ro25-6981 on stress-induced memory impairment is caused specifically by blocking the induction of LTD. Accordingly, we also examined the effect of GluR2 3Y on stressinduced memory disruption.
To render the peptide membrane permeable and allow it to be applied systemically to a behaving animal, we fused the peptide to the cell membrane transduction domain of the HIV-1 protein (31) to make a Tat-GluR2 3Y peptide (YGRKKRRQRRR-869 YKEGY-NVYG 877 ). This version of the peptide is transported into neurons and exerts its biological effects after systemic administration (29) . Separate groups of animals were trained and tested in a manner identical to that used in the NR2B antagonist study except for pretreatment with either the Tat-GluR2 3Y peptide, saline, or the scrambled control peptide (YGRKKRRQRRR-VYKYGGYNE; 3 mol/kg; i.p.) 1 h before placement on the elevated platform (because there were no significant differences between the rats treated with saline and scrambled peptide, the groups were combined for statistical analyses). Consistent with an essential role of LTD in stress-induced memory impairment, administration of the Tat-GluR2 3Y peptide prevented the stress-induced impairment of spatial memory retrieval in the probe test observed in the control group (Fig. 3) . Analysis with a repeated-measures ANOVA confirmed these results with a significant main effect of quadrant [F(1,43) ϭ 18.74, P Ͻ 0.001] and a significant quadrant by group interaction [F(1,43) ϭ 10.45, P Ͻ 0.005]. Post hoc analyses revealed that rats treated with the Tat-GluR2 3Y peptide before stress spent significantly more time in the test quadrant than rats in the control group (P Ͻ 0.05). Thus, these data complement the results found with Ro25-6981 and are consistent with an essential role for expression of LTD in mediating stress-induced deficits in spatial memory retrieval.
Facilitating the Induction of Hippocampal CA1 LTD Mimics the Effects
of Acute Stress by Disrupting Memory Retrieval. Finally, we sought to determine whether facilitating the induction of hippocampal CA1 LTD through a means other than acute stress would also impair spatial memory retrieval. A recent study using hippocampal slices provides evidence that the failure to induce consistent LFS-related hippocampal CA1 LTD in adult rats may be caused in part by insufficient activation of NR2B-containing NMDARs located predominantly in extrasynaptic regions (8) . Specifically, these authors found that acute stress enables LTD by reducing glutamate transport, which enhances glutamate spillover from the synapse, resulting in activation of extrasynaptic NR2B-containing NMDARs (8) .
Other studies have reported increased extracellular glutamate levels (32, 33) and glutamate transporter expression (34) in the hippocampus after stress. Given these findings, our final experiment assessed whether blocking glutamate transport with the transporter inhibitor DL-threo-␤-benzyloxyaspartate (DL-TBOA) is sufficient to enable CA1 LTD and also disrupt spatial memory retrieval by enabling the activation of extrasynaptically located NR2B-containing NMDARs (Fig. 4A) . Consistent with the assertion that LTD is difficult to induce in the adult hippocampus, we observed that a standard protocol (1 Hz, 900 pulses), sufficient to produce LTD in slices prepared from young rats [e.g., 3-4 weeks old (17) ], failed to induce LTD in adult rat hippocampal slices at the age (10 weeks) comparable with that used in the present behavioral experiments (Fig. 4B) . After inhibition of glutamate transporter activity by 10 M DL-TBOA (8), bath applied 5 min before LFS to the end of LFS, the same protocol reliably induced LTD in 9 of 10 slices tested [F(2,20) ϭ 3.83, P Ͻ 0.05; post hoc, P Ͻ 0.05, n ϭ 10], and this LTD was also blocked by NR2B antagonist Ro25-6981 (P ϭ 0.81).
To test the hypothesis that glutamate transporter blockade would facilitate the induction of LTD in vivo, DL-TBOA was infused (intracerebroventricularly; 10 nM, 5 l) 20 min before application of the LFS protocol (900 pulses, 3 Hz) to the CA1 region of anesthetized rats. As shown in Fig. 4C , LFS produced LTD in five of six rats that received DL-TBOA [F(2,15) ϭ 6.84, P Ͻ 0.01; post hoc, P Ͻ 0.01], whereas LTD was not observed in any of the control rats that received a vehicle infusion. Similar to the stress-enabled LTD (Fig. 1 A) , this facilitation of LTD by glutamate transporter inhibition was also blocked by the NR2B antagonist Ro25-6981 (6 mg/kg; i.p., 30 min before DL-TBOA infusion).
Given that both acute stress and inhibition of glutamate transport with DL-TBOA can facilitate NR2B-containing NMDARdependent hippocampal CA1 LTD induction in adult rats, we next Fig. 3 . Systemic injection of Tat-GluR23Y peptide abolished the impairment of long-term memory retrieval due to acute stress. Stressed rats (n ϭ 24) spent a similar amount of time in the test (Q test) and opposite quadrants (Qopp). However, i.p. injection of Tat-GluR2 3Y peptide (n ϭ 21) 60 min before stress abolished stress-induced impairment in long-term memory retrieval. * , Significant (P Ͻ 0.001) difference between Q test and Qopp for the Tat-GluR23Y ϩ stress group; #, significant (P Ͻ 0.05) difference between stress and Tat-GluR2 3Y ϩ stress groups.
investigated whether bilateral infusion of DL-TBOA into the hippocampus could impair retrieval of spatial memory in a manner comparable with that observed in acutely stressed rats. As shown in Fig. 5A , trained rats that received a bilateral intrahippocampal infusion of vehicle (PBS) 20 min before a probe test displayed normal recall and preferentially focused their search in the test quadrant of the water maze. Infusions of DL-TBOA (10 nM, 1 l) reduced the preference of rats for the test quadrant. Similar to the stress-induced impairment, the disruptive effects of DL-TBOA on memory retrieval were also prevented by Ro25-6981 30 min before the DL-TBOA infusion. Analysis with a repeated-measures ANOVA confirms these results with a significant main effect of quadrant [F(1,33) ϭ 41.94, P Ͻ 0.01] and a significant quadrant by group interaction [F(2,33) ϭ 4.02, P Ͻ 0.05]. Post hoc analyses revealed that rats treated with Ro25-6981 before DL-TBOA treatment spent significantly more time in the test quadrant than rats treated with saline before DL-TBOA treatment (P Ͻ 0.05). Together, these results strongly indicate that the induction of LTD is sufficient to induce an impairment of spatial memory retrieval and likely to be a critical step by which acute stress causes spatial memory impairment.
Discussion
The present report provides compelling evidence for the role of hippocampal CA1 LTD in stress-induced memory retrieval impairment, specifically related to hippocampal-based spatial learning and memory. As demonstrated previously and convincingly replicated here, acute stress potently facilitates LFS-induced hippocampal CA1 LTD in anesthetized (ref. 35 ; Fig. 1 ) and freely moving rats (7) and disrupts the retrieval of spatial memory (ref. 4 ; Fig. 2) . By blocking the induction and expression of hippocampal CA1 LTD with two inhibitors that differ by structure and mechanism of action, we demonstrate an essential requirement for LTD in stress-induced impairment of memory retrieval. Recent evidence suggests that stress-enabled LTD may result from hippocampal glucocorticoid receptor activation (35, 36) , which leads to a reduction in glutamate uptake (8) . By using bilateral intrahippocampal infusion of the glutamate transporter inhibitor DL-TBOA, we also demonstrate that facilitation of hippocampal LTD induction is sufficient to impair spatial memory retrieval in a manner similar to that induced by acute stress. These data strongly advance the notion that NR2B-dependent hippocampal LTD is not only necessary but also sufficient to mediate acute stress-induced spatial memory impairment. Data from the present experiments (Figs. 1 and 4) and others (8, 37) support the assertion that inhibition of glutamate uptake produces spillover activation of extrasynaptic NR2B-containing NMDARs, thereby enabling LFS to induce LTD. Recently, it has also been shown that corticosterone, acting through mineralocorticoid receptors, up-regulates glutamate release (38) , thereby providing a second mechanism whereby stress could increase glutamate levels in close proximity to glutamatergic synapses and enable LTD by activation of NR2B-containing NMDARs (Fig. 6) .
Determining the neural substrates that contribute to stressenabled LTD in the hippocampus is also critically important. One likely candidate is the basolateral nucleus of the amygdala (BLA) because substantial evidence shows that BLA lesions can block the impairment of memory and inhibition of hippocampal LTP observed after stress (39) . Furthermore, stimulation of the amygdala alters hippocampal synaptic plasticity in a manner similar to stress (40) . Thus, it is possible that amygdalar efferents to the hippocampus, when activated by stress, alter hippocampal synaptic plasticity and subsequently impair memory retrieval (15, 41) .
How LTD production mediates the acute stress-induced impairment of spatial memory retrieval remains unclear. From a theoretical perspective, memory retrieval (recall) may be a cellular process in which synapses that were potentiated during spatial learning in the MWM are specifically reactivated. Hippocampal CA1 LTD can be produced in an input-specific manner (10); therefore, a plausible conjecture is that acute stress could preferentially produce LTD at only those synapses potentiated during original learning episode, thereby preventing their reactivation during the recall task. Thus, the depressive effects of stress on the hippocampal network during retrieval of specific memories may be restricted to those synapses involved in memory acquisition. Alternatively, acute stress may ''reset'' the hippocampal network by enabling LTD at all synapses within the network, regardless of whether or not they were potentiated during the original learning episode (15) . Accordingly, memory recall would be disrupted by a failure to reactivate a specific subset of synapses potentiated during the original learning episode. One consequence of resetting the network through stress-enabled LTD may be improved performance during subsequent acquisition of new learning. Such a mechanism would be highly adaptive in challenging or stressful environments because it would facilitate learning about potentially dangerous stimuli (15, 42) .
Stress-enabled LTD may also compromise memory recall by affecting the balance between LTP and LTD within the hippocampal network. Notably, acute stress impairs HFS-induced hippocampal LTP (5-7) in addition to facilitating induction of LTD. These effects may represent a rightward shift in the Bienenstock-CooperMunro curve, a theoretical concept describing the relation between potentiation and depression of synaptic weights within a neural network (10, 43) . It is noteworthy that antagonism of NR2B-containing NMDARs with pretreatment of Ro25-6981 not only blocked stress-enabled LTD but also prevented the stress-induced impairment of HFS-induced LTP in the CA1 region (24) . Given the previous conjecture that a fine balance between LTP and LTD may be necessary for optimal memory storage, it is possible that normalization of hippocampal LTP after the blockade of stressenabled LTD also plays a critical role in preventing stress-induced disruption of memory recall. However, determination of the exact role of LTP in stress-induced memory impairment awaits further studies with inhibitors that specifically prevent either the induction and/or expression of LTP.
In summary, the present work provides strong evidence for an essential role of hippocampal LTD in the impairment of spatial memory retrieval induced by acute stress. As depicted in Fig. 6 , stress causes the release of corticosterone, which then increases glutamate concentration in the synaptic cleft through increased glutamate release (38) and/or decreased glutamate transport (8) in the hippocampus. The increase in glutamate concentration enables the induction of LTD through spillover activation of extrasynaptically localized NR2B-containing NMDARs (Figs. 1 and 4 ) and the expression of LTD by facilitating the endocytosis of postsynaptic AMPARs, thereby leading to the impairment of spatial memory retrieval. Stress is a major risk factor affecting hippocampal function in numerous brain disorders including posttraumatic stress disorder and depression (44) (45) (46) ; therefore, an improved understanding of how LTD is facilitated by stress could generate therapeutic targets for these brain diseases.
Materials and Methods
For additional procedures, see supporting information (SI) Methods.
Subjects. Adult male Sprague-Dawley rats (Ͼ300 g; University of British Columbia Animal Care Centre) were pair-housed in plastic cages in a temperature-controlled (21°C) colony room on a 12/12 h light/dark cycle. Food and water were available ad libitum. All experiments were performed in accordance with the Canadian Council on Animal Care and were approved by the University of British Columbia Animal Care Committee.
MWM.
Retrieval of long-term spatial memory was assessed by using an MWM as described (4) . Briefly, rats were trained in a fiberglass pool over eight trials to find a hidden platform. During the retrieval phase, rats were returned to the pool from a novel drop point with the hidden platform absent for 60 s. All trials were recorded with a video camera and analyzed by using an EthoVision tracking system (Noldus, Leesburg, VA).
Stressor. Rats were stressed two at a time on separate elevated Plexiglas platforms (1 m tall, 21 ϫ 21 cm) in a brightly lit room for 30 min immediately before the probe trial. Rats consistently urinated and/or defecated while on the platform and had elevated blood corticosterone levels immediately after stress treatment (Table 1) . Ro25-6981 (6 mg/kg) or vehicle (0.9% saline) was administered i.p. 30 min before the stress treatment. Injection of peptides was performed 1 h before the stress treatment. In Vitro Slice Preparation and Electrophysiological Recording. Coronal brain slices (400-m thickness) containing hippocampus were cut in ice-cold artificial cerebrospinal fluid (ACSF). Freshly cut slices were placed in an incubating chamber with carbogenated ACSF and recovered at 34°C for 1.5 h. Slices were then maintained at room temperature before recording. For electrophysiological recordings, slices were transferred to a recording chamber perfused continuously by carbogenated ACSF containing 10 M bicuculline methiodide to block GABA A receptormediated inhibitory synaptic currents. EPSP responses were evoked by stimulating the Schaffer collateral-commissural pathway by a constant current pulse (0.08 ms) delivered through a tungsten bipolar electrode (FHC, Bowdoin, ME). Synaptic responses were evoked at 0.05 Hz except during the induction of LTD. Field EPSPs were recorded by placing a glass pipette filled with ACSF in the stratum radiatum of the CA1 region at least 60-80 m away from the cell body layer. After obtaining a stable baseline for 10 min, LTD was induced by 900 pulses at 1 Hz. Drugs (DL-TBOA and Ro25-6981) were present in ACSF 5 min before and during LFS stimulation.
In Vivo Electrophysiology. EPSPs from the CA1 region of the hippocampus were recorded by using described techniques (25) . Rats were anesthetized and placed in a stereotaxic frame. The scalp was opened and trephine holes were drilled for the recording and stimulating electrodes, which were then lowered into the CA1 region. Pyramidal cell responses to Schaffer collateral stimulation were recorded, and final depths of the electrodes were determined when a maximal CA1 EPSP could be obtained with minimal stimulation. For all testing, EPSPs were adjusted to Ϸ60% of the maximal response size. Baseline responses were obtained by applying single pulses of stimulation at 0.067 Hz. LTP was elicited by HFS consisting of four trains of 50 pulses delivered at 100 Hz (15-s intertrain interval). LTD was elicited with a low-frequency tetanus (3 Hz, 300 s). After the tetanus, stimulation was returned to baseline rates, and decay was followed. When necessary, Ro25-6981 was injected (i.p.) 30 min before delivery of the tetanus ( Fig. 1 A and  B) . In some animals ( Fig. 4B ), either vehicle (0.1 M PBS) or DL-TBOA (10 nM) was injected into the lateral ventricle. At 20 min after the infusion, the low-frequency tetanus was applied. When necessary, Ro25-6981 was applied (i.p.) 10 min before the DL-TBOA infusion.
DL-TBOA Microinfusion Experiments. Rats were implanted with two 22-gauge stainless steel cannulae above the dorsal hippocampus and allowed to recover for at least 10 days. The rats were extensively habituated to one of two Plexiglas infusion boxes. Water maze testing procedures were identical to those above except that 20 min before the probe test, the rats had needles inserted into their dorsal hippocampi and either vehicle (0.1 M PBS) or DL-TBOA (10 nM) was infused (0.5 l/min for 2 min). In some cases, Ro25-6981 (6 mg/kg) or saline (0.9%) was administered (i.p.) 30 min before the initiation of the DL-TBOA infusion procedure. After testing, the rats were perfused, and the injection sites were determined with the assistance of a rat brain atlas (47) .
